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Introduction
239240Puand241Amarelonglivedartificiala-emitterswhichhavebeenintroduced
toourenvironmentasaconsequenceofatmosphericnuclearexplosionsTheocean，by
virtueofitslargesurfncearea､receivedthemajorshareofthesefalloutradionuclides
Generallyspeaking,thesenuclidesdeliveredtotheseasurfhcearebeingtransportedthrougjl
watercolumntodeep-seasedimentwhichisconsideredastheirultimatereservoir・However、
detailedgeochemicalbehaviorofPｕａｎｄＡｍｉｎｓｅａｗａｔｅｒａｎｄｄｅｅｐ－ｓｅａｓｅdimentisstillless
understoodbecauseofitslowconcentration，complexaquaticchemistryandoftheshort
historyoftheseartificialelementsintheenvironmentOurrougjlunderstandingof
geochemicalbehaviorofPuandＡｍｉｎｓｅａｗａｔｅｒｃｏｌｕｍｎｉｓｔｈａｔｔｈｅｓｅｅlementsinlimited
amountsarescavengedwithsomeparticulatemattersettlingtowardsedimentThephysical
andchemicalnatureofthePuandAmscavengerandtherateatwhichthescaven解rsettlesare
veryimportantinunderstandingthefateoftheseartiflcialelementsintheoceanMoreover，
themostimportantquestionregardｉｎｇｔｈｅｌｏｎｇｔｅｒｍｆｎｔｅｏｆＰｕａｎｄＡｍintheoceanis
whetherornottheseelementsonceenteredintodeep-seasedimentcanbefixedinsediment
Withthebackgoundmentionedabove,thisstudywasundertakeninordertoacquire
betterunderstandingofthegeochemicalbehavioroftheartiflcialelements，ＰｕａｎｄＡｍｉｎ
ｄｅｅｐ－ｓｅａｓｅｄｉｍｅｎｔａｎｄｓeawatercolumn
AtfirsLanalyticalproceduresfbrreliabledeterminationofPuandAmindeep-sea
sedimentwerestudiedInventoriesoffhllout23914oPuand24'Amwerethendeterminedin
deep-seasedimentsfromtheNorthPacificanditsadjacentseasSedimentationrateand
bioturbationinthesedimentsurftlcewerealsostudiedMeansettlingvelocityofPuwas
estimatedfTomitsmeasuredinventoriesinsedimentcolumnandreportedinventoryin
－９８－
overlyingwatercolumnHostphasesｏｆ２３９２４ｏＰｕａｎｄ２４ｌＡｍｗｅｒｅｓｔｕｄiedinfWesuIface
sedimentsinordertocharacterizepost-depositionaldiageneticremobilizationofPufmm
sedimentbacktowatercolumn
Experimental
Deep-seasedimentsampleswerecollectedduringl9841988andl994cruisesofR.V・
Hakuho-MaruandR.Ｖ，Tansei-MaruoftheOceanResearchhstitute，theUniversityof
TokyoThesamplingstationsareshowninFiglRadiochemicaldeterminationof
23914ｏＰｕａｎｄ２４'Amwereperfbrmedbyion-exchangecolumnseparationfbllowedbyα‐
’37Ｃｓ,２'()Pb,238Ｕ,２３()Thand232Thweredeterminedbyγ‐spectrometry、spectrometry
ElementalEmalysiswａｓｄｏｎｅｂｙｌＣＰ－ＡＥＳａｎｄＸＲＦｓｐｅｃｔｒｏｍｅtry
Resultsanddiscussion
Cﾘｾ伽加ノ伽ＭｌＭＭＱｆ/､"ＭｒＰｂＵａＭｄ川加‘ibqp-MUMｶﾞ"zc"r
Forreliabledeteminationof239２４()Pu，leachingbehaviorofPUindeep-seasediment
wasstudied，anditwasfbundthatleachingneithｅｒｗｉｔｈｂｏｉｌｉｎｇｃＨＮＯ３ｎｏｒｗｉｔｈｂｏｉｌｉｎｇ
ｃＨＮＯ３＋H202wassufficientfbrcompletedissolutionofthetotalcontentof23，14()Pu
AlkalifUsionwhichallowsthecompletedecompositionofaluminosilicatematnxwasfbund
tobereliableandefTiCientfbrthedeterminationoftotalcontentoffnlloutPupresentindeep-
seasedimentOntheotherhand，leachingwithboilingcHNO3＋H202wasfbundadequate
fbrcompletedissolutionofthetotalcontentoffalloutAmindeep-seasediment．
Ｍａｊｉﾉｱc〃o〃ｑ/ｐ'川醐〃〃４"２庇〃川ｉＭがo〃
227ＡＣ､228Acand2loPbwereidentifiedasinteIfbringnuclidesinthedeterminationof
24'Amindeep-seasediment227Acinterference（througdl223Ra）wasminilnizedby
removinging-owｎ２２７ＴｈａｔｔｈｅｆｉｎａｌｓｔｅｐｏｆＡｍｐｕｒｉｆｉcationandbycountingthe
electrodepositedAmsourceimmediatelyAmpleremovalofThisotopeswasalsofbundto
beeffectivetoeliminate22RAcinterfbrence(througil228Th）Toeliminate2'0Pbintelference
(througl12'OPO),２'()PbwasfirstremovedfimAmfiactionbycationexchangecolumn
method，ａｎｄanionexchangecolumnpurificatioｎｏｆＡｍｗａｓｔｈｅｎｒｅｐｅａｔｅｄｕｓｉｎｇ
ＨＮＯ３+CH30HsystemCationexchangecolumnremovalofMnresultedinhigjlchemical
yieldofAm
､叩鋤ｐ、ﾉｱﾙｓ〃川･MlPb‘伽αｗ列"ｚ加庇qp-剛Mif"`e"ｒ
DepthprofilesoMallout23924oPu,２４'Amandl37Csinthedeep-seasedimentswere
studiedTheseartiHcialradionuclideswerefbunddetectableｄｏｗｎｔｏ８－２８ｃｍｄｅｐｔｈｉｎｔｈｅ
ｓｅｄｉｍｅｎtsHencatoobtaininventorydatafbrtheseradionuclidesindeep-seasediment，ｉｔ
－９９－
Isnecessalytoanalyzesedimentｃｏｒｅｄｏｗｎｔｏａｄｅｐｔｈｗｈｅｒｅｔｈｅｆｎｌｌｏｕtnuclidesare
detectableIn4oUtof8sedimentcores，241Ａ、/239ﾕ4oPuactivityratiosdecreasedwith
depthinthesedimentcolumns・ThisdecreasemayberesultedfiFomremobilizationof
23924()PufiDmthesedimentsulfacetobottomwaterand/orduetodownwardmigFationof
relativelysolublePuinthesediments
肱川"伽ｑ/039．W0PbJ‘ＭＭＡⅢ加化ｑｐＭｚｓｅ伽肌mr
Inventoriesof239ユ4()Ｐｕｉｎ７ｏｕｔｏｆ８ｓｅｄｉｍｅｎｔｃｏｌｕｍｎｓｗｅｒｅｉｎａｒａｎｇｅｏｆＯｇ８－２９７
ｍＢｑ/cm2，andthoseof24lAmwerefmmO73toｌ８７ｍＢｑ/Cm2（ＦｉｇＺ)．Inventoriesof
'37Cswereinarangeof726-239mBq/cm二２４lAm戸３，２４()Puinventolyratiosinthe
sedimentswerehigdlerthantheratiofbrintegPatedgjobaMallout(035)andthatinoverlying
watercolumn（～０３）HiglI24IAm/23,ﾕ4oPuratiosareattributabletogeaterparticle
affinityandprefbrentｉａｌｄｏｗｎｗａｒｄｔｒａｎｓｐｏｒｔｏｆＡｍｏｖｅｒＰｕｉｎｓｅａｗａｔｅｒａｎｄ/Oｒｔｏｐｏｓｔ－
23924opu/l37CsdepositionalremobilizatioｎｏｆＰｕｆｉＦｏｍｓｅｄｉｍｅｎｔｔｏｗａｔｅｒｃｏｌｕmn
inventoryratioswerehigj1erthanthosereportedfbrtheoverlyingwatercolumnbyafactorof
3to4ThissuggestspreferentialscavengngofPuoverCswithsettlingParticlesinwater
column
比‘川e"mZjo〃MZe
lnthenorthernNorthPacificanditsadjacentseas、sedimentaccumulationrates
determinedbyexcess23oTh(23()Thex）and２３()Thex/232ＴｈｍｅｔｈｏｄｓｒａｎｇｅｆｉＤｍｌｌｌｔｏ４６１
ｍｍ/103ｙ、TheefTectofbioturbationintheevaluationofsedimentationratewasminimized
byusingthedatabelow～１ＯｃｍｉｎｔｈｅｓｅｄｉｍｅｎｔｃｏｌｕｍｎＴｈｅｅｓｔimatedsediment
accumulationratesappearedtobefilnctionsofwaterdepthanddistancefiFomcontinentThe
slowsedimentaccumulationratesdonotaccountfbrthepenetrationoftheartificial
radionuclidesintodeeplayersinthesediment・Inventoriesoffallout239140Pu,ｚ４ｌＡｍａｎｄ
'37Ｃｓｄｏｎｏｔｓｈｏｗａｎｙｃｌｅａｒｔｒｅｎｄｗｉｔｈｓｅdimentaccumulationrates,suggestingthatthebulk
materialsofsedimentarenotresponsiblefbrthetransportofthefalloutradionuclidesfiFom
watercolumntodeep-seasediment．
Ｍｘj)Ｄｇｃｏ〃Cie川〃〃、C伽加Mif川伽Ｍ１ﾌﾟizce
Particlemimgcoefficients(DB)determinedfiDmexcess2l()Pbgadientinthesediment
surfaceranSefromO20tol89cm2/y・ThevaliationofDBfimseaareatoseaareais
almostanorderofmagnitudeandmayreflectthatbiologjcalproductivityinthesulfacewater
differsfiFomseaareatoseaareasincethebiologjcalactivityinthesurmcewater(activitiesof
phytoplanktonandzooplanktoninthephoticzone)isconsideredtobethemainsourceof
theabundantsupplyoffbodfbrthebenthosresidinginthedeep-seafloor・
DBvaluesdeteminedfiDmthedistributionsoffallout23924oPu，241Ａ、andl37Cs
rangefiFomOO3to263cmz/〕/（bypulseinputmodel）ａｎｄｆｉＦｏｍＯＯ８ｔｏ３１８ｃｍ２/ｙ（bｙ
－１００－
continuousinputmodel）Ingeneral,continuousinputmodelE9avehigjlerDBsthanpulse
inputmodel､butthethreefallouttracersgZ1veconsistentresultsineachmodelHigj1DBs
wereobtainedfbrthecoresfiDmKT-6andDR-2stationsandmaylargelyreflecthigdl
biologjcalactivitiesintheoverlyingwatercolumnsofthestationsLowestDBwas
estimatedfbrtheJapanSｅａｃｏｒｅＴｈｉｓｍａｙｂｅｄｕｅｔｏｈｉｇｄｌｓｅｄｉｍentationrateGeneral
trendis:DBincreaseswiththeincreaseofthicknessofbioturbedlayerinsediment．
sα"i"ｇｐｅ〃ciひα,Ｍ剛化"Ｃｅ伽どげ川刈`〃Ｍ,nＭＪ〃ｃ･伽､,n
Fortheestimationofmeansettlinｇｖｅｌｏｃｉｔｙｏｆ２３９１４ｏＰｕｉｎｗａｔｅｒcolumn，ａｍｏｄｅｌ
(Model-l)hasbeendevelopedassumingthatcumulativefalloutof23914()Puoncetrappedin
sub-sulfacewateｒｌａｙｅｒｈａｓｂｅｅｎｃａＩＴｉｅｄｄｏｗｎｗｉｔｈparticlessettlingataconstantflux
MeansettlingVelocitiesof23924()PubyModel-lwereinarangeof97-2５４ｍ/yThe
resultsbyModel-lwerethencomparedwithresultsbyafbrmerlydevelopedmodel(Model-
2）TheresultsbyModel-2wereinarangｅｏｆ８７－１７５ｍ/ｙ（Ｆｉｇ３）TheagFeement
betweentheresultｓｂｙｔｈｅｔｗｏｍｏｄｅｌｓｍａｙｂｅｆｂｒｔｕｉｔｏｕｓbecauseModel-lisbasedon
settliｎｇｏｆ２３９２４()Pufi-omthesub-surface23924()Puconcentrationma)nmuminwatercolumn、
whereasModel-2isbasedontheinstantaneousdownwardsettlingofeachyeardeliveryof
23914oPuontheseasurface、Theproblemwiththemodelsisthatbothmodelsareunableto
explaincompletelytheactualdistributionof239,24oPuinwatercolumn
Theestimatedmeansettlingvelocityof23914oPushowsanincreasewithincreasing
waterdepth,suggestingasizegFowthofparticleｓｗｈｉｃｈｃａｒｒｙｄｏｗｎ２3,14()Puisoccuningin
deeperwater・ThemeansettlingvelocitieswerefbundtobeindependentofpaJticlemixing
coefficientinthesedimentsurfacewhichisanindicatorofbiologcalactivitiesatthesediment
surfnceaswellasinupperwatercolumnThissuggeststhatbiogenicmaterialsareplaying
littlein239，Z4oPuscavengingfiDmwatercolumn
ThemeandiameterofthePu-scavengmgparticlescalculatedfiFomtheestimatedmean
settlingvelocitieswereinarangeof２．２－３．４／Ｌｍｆｂｒｃｌａｙａｎｄ７６－ｌ２６／Lmfbrorganic
matter,suggestingfineparticlesarescavengingfallout239'24oPuinwatercolumn
Meanresidencetimeoffallouｔ２３９ユ40Ｐｕｉｎｗａｔｅｒｃｏｌｕｍｎｗａｓｅｓｔｉｍａｔｅｄｔｏｂｅ３３－２６７
ｙｅａｒｓａｎｄａｐｐｅａｒｅｄｔｏｂｅａfimctionofwaterdepthanddistancｅけomcontinentThis
suggeststhatland-origjnatedsubstancedeliveredｖｉａａｉｒｉｓｐｌａｙｉｎｇａｎｉｍｐｏｒｔａｎｔｒｏｌｅin
downwardtransportof239'240Puinwaterｃｏｌｕｍｎ
〃αＳｃ川｡c伽｡〃〃２Ｗ，`〃αＭ２瓠捌"Ｍ,，叱り側脳伽Mr
ToinvestigZxtepost-depositionaldiageneticbehaviorofPuindeep-seasedimenLfive
selectedsurfncesedimentsfiFomtheabyssalbasinofthewesternNorthPacific(nearJapan）
werestudiedAnanalyticalprocedureinvolvingsequentialchemicalextractionswas
employedfbrpartitioningthehostphasｅｓｏｆ２３９１４ｏＰｕａｎｄ２４１Ａｍｉｎｓｅｄｉｍentintofive
fiactions:(1)exchangeable､(2)boundtocarbonate,(3)boundtohydrousFe-Mnoxides,(4)
－１０１－
boundtoorg日nicmatterand(5)residualAnalysesofindicatorelements(Ca､ＦａＭｎ,Siand
Al)intheextractedphasessuggestedthatthephaseseparationefficiencywasassatisfactory
asintended
23924()puwasmainlyassociatedwiththephases(3),(4)and(5)､whereas241Amwas
mainlyassociatedwiththephases(2)、（３）ａｎｄ(4)．Adecreaseoftotal23924oPu
Concentrationwithdecreasingassociationof239ﾕ40Puwithorganicmatter(Ｆｉｇ４)andhigj1
241Arn戸39ﾕ4opuactivityratiosinthecarbonatephaseofthesurfacesedimentswerefbund
Fmhennore、siglifIcantproportionsof23924()PuwasfbundinthelessParticle-reactive
o)ddizedfbm（ｐｕ(Ｖ,Ⅵ)）Thesesuggestthatdiageneticdecompositionofor脚icmatter，
dissolutionofcarbonateandoxidationofreduced239240Pu(Ⅲ,Ⅳ）inthesurfaceofdeep-sea
＿－，９－－－－－－－△-4--,－－２－－，－へ:＿～－－へ239ユ4()、画．兵へ－．．｣;－－＋1,.戸1〆十へ、…+～
,Ⅳ）inthesu
fiFomsedimentbacktowaterPｕsedimentmayoperatetogptherinreleasingsome
column
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学位論文審査結果の要旨
原子力の平和利用に伴って，人工元素プルトニウム（Pu）とアメリシウム（Ａｍ）の長半減期．α
放射性同位体が大量に生成する。そして，割合としては極一部であるにせよＰｕとＡｍの環境への漏
出が懸念されている。環境に漏出したＰｕやＡｍは，沿岸域や海水を経由して最終的には深海底に除
去されると期待されているが，海水を経由して深海底に移行する過程や深海堆積物中に保持される過
程について予測的解析を行うに必要なデータ・知見が十分であるとは言い難いのが現状である。
そこで本論文提出者は，ＰｕとＡｍの海洋における地球化学的な挙動をより明らかにする目的で，大
気圏内核実験で放出された239.24CPUと2ｲＩＡｍをトレーサーとする研究を行った。すなわち，北太平洋と
その隣接海で採取された深海堆積物を試料として，(1)堆積物中の239.2ｲopuと241Ａ、，さらに'37Cs等の深
度分布を測定して堆積物表層の生物撹乱等を解析するとともに，(2)239.24CPUの深度分布から堆積物中
全蓄積量を求め，海水中に残っている蓄積量の報告値と併せて解析するモデルを創案してＰｕの沈降
速度等を推定した。また，(3)堆積物中のどのような物質相にＰｕとＡｍが含まれているかを分別溶解法
によって検討し，有機物相と炭酸塩相にかなりのＰｕが含まれている事実やＡｍとの比較から，堆積
物の続成過程においてＰｕが海水中に再溶出する可能性があることを示した。さらに(1)の研究の初期
に，(4)深海堆積物中のＰｕとＡｍの放射化学的定量においては他の環境試料の場合とは異なった化学
操作が必要であることを明らかにし，信頼できる定量値を得るための分析法を確立した。
以上の研究成果を骨子とする当該学位論文に関し，各審査委員が参考論文等も含めて予め個別に検
討した後，２月１ｏ曰の口頭発表の前と後に審査委員会を開催して協議を行った。その結果，本論文は
十分に新しい内容を報告しており，かつ化学，地球科学，環境科学，原子力学等の広い研究領域に亘
る学術の進展に寄与する成果を挙げて学位論文としてまとめたものなので，博士（学術）の学位を授
与するに値するものと判定した。
－１０４－
